Motivation: Effective use of proteomics data, specifically mass spectrometry data, relies on the ability to read and write the many mass spectrometer file formats. Even with mass spectrometer vendor-specific libraries and vendor-neutral file formats such as mzXML and mzData it can be difficult to extract raw data files in a form suitable for batch processing and basic research. Introduced here is the ProteomeCommons.org Input and Output Framework, abbreviated to IO Framework, which is designed to abstractly represent mass spectrometry data. This project is a public, opensource, free-to-use framework that supports most of the mass spectrometry data formats, including current formats, legacy formats, and proprietary formats that require a vendor-specific library in order to operate. The IO Framework includes an on-line tool for non-programmers and a set of libraries that developers may use to convert between various proteomics file formats. Availability: The current source-code and documentation for the ProteomeCommons.org IO Framework is freely available at http://www.proteomecommons.org/current/531/.
INTRODUCTION
The ProteomeCommons.org IO Framework provides a library of freely usable, open-source Java code supported by ProteomeCommons.org that provides users and developers with tools that aid reading and writing various proteomics file formats, primarily mass spectrometry file formats. The IO Framework builds upon and incorporates several existing projects for reading mass spectrometry data, including ReAdW (http://sashimi.sf.net), wiff2dta (Boehm et. Al 2004) , CompassXport (Bruker Daltonics Inc., Billerica, MA) and the ProteomeCommons.org JAF (Falkner et al. 2006 ). In addition to providing an abstract interface to several existing tools, the IO Framework also provides code for reading and writing several more formats including mzData, mzXML, X!Tandem output generated by TheGPM and the .msp format used by the NIST Spectral Library, respective citations are included in section 3.1. Finally,the IO Framework provides several practical features including seamlessly reading and writing spectra files that are saved in the ZIP, GZIP, bzip2, and LZMA compression formats, being able to merge multiple files into a single aggregate spectrum, and providing a framework for filtering peak lists based on intensities or m/z ranges.
METHODS
The ProteomeCommons.org IO Frameowork is hosted by ProteomeCommons.org and coded in the Java programming language. The IO Framework's use of the wiff2dta, ReAdW, and CompassXport tools require the respective program to be installed in order to read the format and these programs will not work outside of Microsoft Windows. All Java code included with the IO Framework is free to use both commercially and non-commercially, and the project's source-code made pubilicly available along with the documentation. Use of code that may be incorporated with the IO Framework, namely the projects mentioned above, is limited by the licences and use terms associated with respective projects.
RESULTS
The complete IO Framework project includes documentation that references the various API components and user tools available with the project. The abbreviated list below highlights several of the features and tools. (Craig et al. 2005a ) including the files provided in TheGPM Quartz collection (http://www.thegpm.org/quartz/index.html).
Mass Spectrometer File Format Support
• NIST Library of Peptide Fragmentation Spectra .msp files (http://www.nist.gov/srd/nist1a.htm).
Protein/Peptide Sequence File Format Support
• Support for reading protein sequences FASTA files and GPMDB websites. Support is also provided for automatically shuffling or reversing protein sequences as commonly done in reverse database searches (Elias et al. 2005 ).
• Support for converting protein sequences into peptides using common enzymes such as trypsin and custom rules for protein cleavage.
Peak List Filtering Framework
• Intensity filtering based on relative or absolute intensity.
• m/z filtering based on a particular m/z range or precursor. • On-line file format conversion utility, including options to merge, split, and batch process both peak lists and spectra files.
User Tools
http://www.proteomecommons.org/current/531/ConvertPeakList.jnlp.
Background and Comparison Against Other Tools
.The IO Framework aids users and developers that need to work with proteomics-related file formats; however, several other projects exist that also address this need. An up to date list of these tools is maintained with the IO Framework's on-line documentation at http://www.proteomecommons.org/current/531/. The key differences between the IO Framework and the majority of these tools include: the IO Framework provides an intuitive, easy-to-use framework for Java developers; the IO Framework is freely available; and the IO Framework seeks to support the broadest range of file formats practicable. Of the existing tools the ProteomeCommons.org IO framework is most similar to the DBToolKit (Martens et al. 2005 ) and the Sashimi Glossolalia project (sashimi.sf.net). The DBToolKit is intended to be used in development of tools that manipulate proteomics data. The Sashimi Glossolalia tools are intended to provide users with a method for converting from a number of vendor-specific formats in to the vendor-neutral mzXML format. The IO Framework, in contrast, is specifically focused on rapid development cycles and broad support of proteomics file formats. The IO Framework includes support for many more file formats than the DBToolKit, particularly the non-plain-text formats, and, in contrast to Glossolalia, the IO Framework can convert to many formats including but not limited to mzXML. The IO Framework is also designed to reuse existing code and it includes wrapper code that encapsulate and use the Sashimi converters. The Sashimi ReAdW tool is of particular note as it is currently the default tool used by the IO Framework to read the .raw file format.
Another application of interest is that of the IO Framework to existing MSMS search engines such as. X!Tandem (Craig et al. 2004a ) and subsequently the GPM (Craig et al. 2004b ) and Mascot (Perkins et al. 1999) . The IO Framework is a tool that can be used for building new MSMS search engines or for converting data into a format that existing search engines can use. Additionally, the IO Framework provides code for manipulating FASTA files and generating reverse/dummy databases. Again, allowing new search engines to use this functionality or aiding in creation of FASTA files for use with existing MSMS search engines. In general, the IO Framework will not replace any existing MSMS search engine, but it does provide code that may be of benefit when working with MSMS search engines.
In summary, the IO Framework is coded in the Java programming language, completely free to use, open-source, and provides broad support for proteomics file formats. The wide support for many of the current proteomics and mass spectrometer file formats, including incorporation of other existing tools, makes the IO Framework a valuable new tool for developers.
